Anemia in the elderly may impair cognitive function. Our primary objective was to determine whether cancer-related anemia was associated with postoperative cognitive dysfunction (POCD) in nonelderly patients. We conducted an observational prospective study of 177 patients scheduled for laparoscopic surgery. Patients aged 18-64 were divided into two groups according to whether they were anemic due to cancer or not. The cognitive function was assessed by the Mini-Mental State Examination (MMSE) 1 day before and 1 week after operation. The cognitive function of the patients was evaluated by using the Telephone Interview for Cognitive Status-Modified (TICS-M) 3 months after operation. The quality of life of patients was evaluated after operation. The hemoglobin level and other clinical data were recorded before operation. Of the 170 patients, 100 without anemia and 70 anemia patients had been evaluated 1 week after operation. POCD was detected in 43 cases (25.3% of 170 cases) at 1 week and 30 cases (19% of 158 cases) at 3 months postoperatively. Anemia was an independent risk factor for 3-month POCD occurrence (P = 0:034). The education level of the patients who had POCD at 1 week and 3 months after operation was lower (P < 0:001, P = 0:011, respectively). Age was independently associated with the incidence of POCD at 3 months (P = 0:011). In general, these findings suggested that anemia may increase the incidence of medium-term POCD in cancer patients undergoing laparoscopic surgery.
Introduction
Postoperative cognitive dysfunction (POCD) is a common postoperative complication, affecting many cognitive domains, including attention, memory, executive function, and information processing speed. These impairments seriously affect the quality of life and increase the risk of disability and mortality [1] [2] [3] . Although age is considered to be an independent risk factor for POCD, it can occur at any age [4] . A previous trial recorded that POCD was present in 36.6% of the young (18-39 years old), 30 .4% of the middle-aged (40-59 years old), and 41.4% of old patients (60 years old or above) at the time of discharge [3] . Although POCD is generally considered to be of clinical importance, its specific pathogenesis is still unclear, and there is not enough effective treatment [5] . Therefore, the most effective and economic treatment strategy is to study the risk factors for POCD and early clinical intervention.
Cancer-related anemia (CRA) is the most common complication of malignant tumors. Cancer causes malnutrition of body absorption, and long-term radiotherapy and chemotherapy can also lead to CRA. Recent studies have shown that age [6] , diabetes [7] , preexisting cognitive impairment [8] , and educational level [9] are risk factors for POCD. However, the effect of anemia on POCD remains controversial. Weiskopf et al. [10] found that even in healthy nonsurgical subjects, acute anemia can cause cognitive impairment. A systematic review showed a significant positive correlation between anemia and overall cognitive decline, decreased executive function, and the incidence of dementia [11] . Joosten and colleagues report that anemia is an independent risk factor for delirium and dementia in hospitalized elderly patients [12] . However, a recent report shows that no correlation between anemia and cognitive outcomes had been found among older people in an acute surgical setting [13] . These findings indicated that anemia might have a negative impact on POCD in the elderly patients, but the effect of anemia on POCD in young patients remains unclear. What is more, all the above studies are retrospective; prospective studies are needed to further illuminate the relationship between anemia and POCD.
Thus, we conducted a prospective study to evaluate the correlation between the anemia and POCD in young patients undergoing laparoscopic surgery.
Materials and Methods

2.1.
Participants. This prospective observational study was conducted in Guangxi Medical University Cancer Hospital for 12 months in 2018. The research ethics license (no. KY2018001) was provided by the ethics committee of Guangxi Medical University Cancer Hospital on February 5, 2018. This study was registered in China Clinical Trial Registration Center (ChiCTR1800015123), and all patients obtained informed consent. A total of 177 patients with gastrointestinal or gynecologic cancer were scheduled to undergo laparoscopic surgery. All the participants were divided into a normal group and an anemia group (Hb < 120 g/L in male, Hb < 110 g/L in female) according to hemoglobin before operation.
Approximately 1 day before operation, patients were assessed and screened. Cancer-related anemia was defined as the presence of anemia in cancer complications. Patients, aged between 18 and 64, with American Society of Anesthesiologists (ASA) physical status I to II, hemoglobin ≥ 60 g/L, and elective or limited tumor laparoscopic surgery under general anesthesia were consecutively recruited for the study. Exclusion criteria included MMSE score < 24, history of depression, schizophrenia, epilepsy, Parkinson's disease, myasthenia gravis, severe Alzheimer's disease, any serious visual or auditory disorders, language understanding disorders, coma, end-stage diseases, emergency operation, and neurosurgery history.
2.2.
Procedures and Anesthesia. Demographic information (age, gender, height, and weight), comorbidity rate, ASA physical condition, hemoglobin, and MMSE scores were recorded before operation. End expiratory carbon dioxide partial pressure, urine volume, blood loss, and blood transfusion volume were intraoperatively monitored. All patients received the same anesthesia, and no drug was given before operation. Anesthesia was induced by intravenous sufentanil or fentanyl, rocuronium, or cisatracurium. During surgery, propofol was used to maintain anesthesia to achieve a bispectral index of 40 to 60 points. Avoid inhaling the anesthetic during operation. Patients who received sufentanil were titrated according to clinical requirements. Discontinue the use of cisatracurium or rocuronium to maintain adequate muscle relaxation. All the patients received the same postoperative pain control protocol of patientcontrolled analgesia (PCA, constant speed 2 mL/h, locking time 15 min) with sufentanil 0.03-0.05μg/(kg·h) plus tropisetron 10 mg for 2 days.
Postoperative Assessment of Cognitive Function and
Quality of Life. In order to evaluate cognitive function, MMSE was used before anesthesia (to obtain cognitive baseline) and 1 week after surgery or at discharge (short-term POCD), and TICS-M was used at 3 months (medium-term POCD). The tests were conducted in a peaceful environment at the same time of the day, as determined by the same researcher. POCD was diagnosed when the MMSE score was declined 1 SD or more at 1 week after operation compared with the preoperative MMSE score [13, 14] or TICS-M score < 33 at 3 months after operation.
The Chinese version of the EORTC core quality of life questionnaire (EORCT QLQ-C30) was used to evaluate the patients' postoperative quality of life. The EORTC QLQ-C30 had a total of 30 scoring entries, including 5 functional areas, 3 symptom areas, 1 overall health status/quality of life area, and 6 single field items.
Statistical Analysis.
According to previous reports, the incidence of POCD varies from 30% to 60% after cardiac surgery [15] [16] [17] . We assumed that the incidence rate of POCD in young patients undergoing laparoscopic surgery is lower than that in patients undergoing cardiac surgery, and the incidence of anemia is higher than that in normal patients. Thus, we estimated that the incidence rates of POCD in normal and anemic patients are 20% and 40%, respectively. A sample size of 165 would allow us to detect differences with a power of 0.80 at a 0.05 significance level. Considering a 5% miss visiting rate, we intended to include a total of 174 patients in our study.
Numerical variables were presented as mean and standard deviation ( X ± S), and the difference in mean values between the two groups was assessed by the t-tests. The χ 2 test was performed for the comparison of the categorical data. Univariate logistic regression analysis was done to investigate the correlation between the covariance. Variables with P values < 0.2 were then added to a binary logistic regression model with a forward selection method to determine the probable risk factors associated with POCD. All statistical analyses were performed with Statistical Product and Service Solutions (SPSS, version 22.0). All P values are two-tailed, and P less than 0.05 was considered statistically significant.
Results
Basic Characteristics of Patients
Included. There were 177 cancer patients undergoing laparoscopic surgery in this study, but 7 patients were excluded from the 7-day 2
Neural Plasticity evaluation, including 4 patients whose operation time was less than 2 hours; 1 patient turned to open abdominal surgery; 1 patient used remifentanil during operation, and 1 patient was absent from the visit. As a result, 170 patients participated in the study. Among 170 patients, 70 (41%) were anemic, including 20 moderate anemia, 50 mild anemia, and 100 nonanemia. The study design is shown in Figure 1 . The incidence rate of POCD at 1 week for all the patients was 25.3% (normal 21.0%, anemia 31.4%). The incidence rate of POCD at 3 months for all the patients was 19.0% (12.9% in normal patients and 27.7% in anemia patients). At 3 months after operation, 12 other cases were excluded: 3 died and 9 missed diagnosis. Table 1 summarizes the basic characteristics of patients in the normal group and anemia group. There are no significant differences in age, gender, body mass index (BMI), education level, ASA grade, and previous medical history between the two groups (P > 0:05).
Evaluation of Postoperative Cognitive Function.
We evaluated the MSEE scores of 70 anemic patients and 100 normal patients one day before and one week after surgery. There was no significant difference between the normal group and the anemia group in preoperative and postoperative scores (all P value > 0.05) ( Table 2 ). The MSEE score of the two groups showed a downward trend. A total of 65 anemic patients and 93 normal people completed the TICS-M score evaluation 3 months after operation. The TICS-M score of the anemia group was lower than that of the normal group (P = 0:026) ( Table 2 ).
Risk Factors for POCD.
When studying the risk factors for POCD occurrence, univariate analyses were conducted to assess the relationship between clinical parameters and outcome of these patients. As shown in Table 3 , education level (OR = 0:830, 95%CI = 0:748-0.921) and preoperative Hb (OR = 0:899, 95%CI = 0:821-0.984) were significantly associated with POCD occurrence in 1 week after operation (P < 0:001 and P = 0:022, respectively). Age (OR = 1:083, 95%CI = 1:024-1.146), education level (OR = 0:869, 95%CI = 0:776-0.973), preoperative K concentration (OR = 4:453, 95% CI = 1:331-14.897), preoperative Hb (OR = 0:903, 95%CI = 0:816-0.999), and anemia (OR = 0:387, 95%CI = 0:171-0.873) were significantly correlated with POCD occurrence in 3 months after operation (P = 0:006, 0.015, 0.015, 0.047, and 0.022, respectively). To explore the independent risk factors for POCD, binary logistic regression was applied to these factors with P < 0:2 in the univariate analyses. Because of the possible collinear relationship between preoperative hemoglobin and anemia, we considered anemia rather than preoperative hemoglobin in binary logistic regression analyses. As shown in Table 4 , education level (OR = 0:828, 95%CI = 0:746-0.919) was the independent factor of POCD occurrence in 1 week after operation (P < 0:001). Age (OR = 1:082, 95%CI = 1:019-1.150), education level (OR = 0:885, 95%CI = 0:758-0.964), and anemia (OR = 0:393, 95%CI = 0:165-0.932) were the independent factors for POCD occurrence in 3 months after operation (P = 0:011, 0.011, and 0.034, respectively).
Influence of Anemia on Postoperative Quality of Life.
A total of 136 patients completed the EORCT QLQ-C30 assessment at 3 months after operation, including 57 anemia patients and 79 normal patients. In symptom areas, the score of fatigue in the anemia group was lower than that in the normal group (P < 0:05). There were no significant differences between the two groups in other symptom areas and functional areas (P > 0:05) ( Table 5 ).
Discussion
The potential risk factors for POCD have not been fully elucidated. Moreover, there were few articles in this field to demonstrate the relationship between preoperative ane-mia and postoperative cognitive dysfunction. The aim of this study was to assess the short-and medium-term postoperative cognitive function of adult patients who, as part of their general anesthesia for elective laparoscopic surgery, had low hemoglobin levels preoperatively. Our preliminary result showed that patients with anemia were susceptible to POCD at 3 months after surgery, but this was not significantly correlated with the incidence of POCD at 1 week postoperatively.
In the present study of 170 laparoscopic surgery patients, the incidence of POCD at 1 week and 3 months was 25.3% and 19.0%, which were lower than that of the previous report [3] . The possible reason for the result was that the more young patients in our study, all of whom had laparoscopic surgery, had less trauma than those who had laparotomy and cardiosurgery. The incidence of POCD in anemic patients at one week and three months was higher than that in nonanemic patients (31.4% vs. 21.0% and 27.7% vs. 12.9%, respectively), suggesting that the incidence of POCD in anemic patients may be higher than that in nonanemic patients. Preoperative anemia was known to be associated with 30-day postoperative mortality (odds ratio 1.42, 95% CI 1.31-1.54) and postoperative morbidity (adjusted odds ratio 1.35, 95% CI 1.30-1.40) in surgical patients [14] . The presence of anemia and its role in determining cognitive function in elderly patients have been investigated in many studies, and the results showed that there was a significant association between anemia and cognitive impairment [11, 12] . Our preliminary results demonstrate that anemia may also lead to cognitive impairment in young patients.
The diagnosis of POCD remains controversial and lacks a unified diagnostic standard. The MMSE is a well-accepted global cognitive function measurement method, with sensitivity and specificity values of 80% to 95% and 86% to 100%, respectively, despite its obvious limitations (ceiling effect, performance affected by age and education) [18, 19] . In our study, we assess the cognitive function by using the Chinese version of the MMSE, which is consistent with many other studies [20] . When personal screening is impractical or patients are unable to go to the hospital for cognitive function assessment, TICS-M can be used by phone [21] . It has become the most widely used telephone screening tool 
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Neural Plasticity [22] , with sensitivity and specificity values of 82.4% to 99% and 86% to 87%, respectively [23, 24] . However, MMSE and TICS-M alone may not be enough for POCD diagnosis, which is one of the limitations of this study. Many other means for diagnosis of POCD should be used in future research, such as Wechsler Intelligence Scale (WIS) [25] , Minnesota Multiphasic Personality Inventory (MMPI) [26] , neuroelectrophysiological examination [27] , and biochemical marker (such as IL-6, S-100β, and NSE) examination [28] . When investigating the independent risk factors for POCD occurrence, binary logistic regression analysis was applied. In our study, education was an independent risk factor for POCD at 1 week and 3 months (P < 0:001 and P = 0:011, respectively), which is consistent with previous research [9] . Age is an independent risk factor for POCD 5 Neural Plasticity occurrence at 3 months (P = 0:011), which is consistent with the previous study, indicating that age is the most important risk factor for POCD [29] . The possible reason that age has a medium-term effect but the short-term POCD incidence is not statistically significant is that we recruited patients aged 18 to 64 years, excluding older patients in our study. Anemia is not an independent factor of POCD for 1 week (P > 0:05), but there was statistical significance in the incidence of POCD at 3 months (P = 0:034), indicating that anemia had a medium-term effect on cognitive impairment.
The EORCT QLQ-C30 assessment was used to compare the quality of life between the two groups. The results showed that the fatigue score of the anemia group was significantly lower than that of normal group patients, which may be due to insufficient cases in our study. There was no statistically significant difference in most of symptom areas and functional areas between the two groups of patients, indicating that anemia has little effect on the overall quality of life of the postoperative tumor patients. However, several studies have shown that cancer-related anemia and fatigue are important factors affecting the quality of life of cancer patients [30, 31] . The effect of cancer-related anemia on postoperative quality of life needs more sample study.
As we all know, the pathogenesis of POCD is multifactorial, including inflammatory stress responses, pain, environmental factors, and trauma. Central nervous injury mediated by central inflammatory response has been considered one of the important mechanisms of POCD [32] .
A study [33] shows anemia may impair cognitive performance by decreasing brain oxygen delivery, with brain metabolism alterations. The possible reasons may be that hypoxia impaired neuronal protein synthesis and synaptic plasticity [34] , which are essential for learning. Exposure to hypoxia triggered a series of cell survival-centered events.
There were some limitations in our study. First, we cannot enroll sufficient anemia patients, because these patients lack the opportunity of laparoscopic surgery. Second, the relatively short follow-up time limits our observation of the long-term cognitive impairment caused by anemia, and a more statistical influence may be found after longer followup. Third, the diagnosis of POCD still remains controversial.
Conclusions
In summary, our study has confirmed that anemia is not a sufficient risk factor for increasing the incidence of cognitive dysfunction in one week after surgery, but the incidence of cognitive dysfunction will increase in three months after surgery. Further large-scale trials are needed to evaluate the effect of anemia on the postoperative cognitive dysfunction. 
